1. Introduction {#sec1}
===============

A worldwide medical and recreational use of *Cannabis sativa* L. (marijuana) was reported in almost every culture and society, which activates the G-protein-coupled cannabinoid 1 (CB1) receptor in the brain.^[@ref1],[@ref2]^ The predominant distribution of these receptors all over the brain provoked an in depth research on the complete endocannabinoid system (eCBs) along with associated agonists and enzymes.^[@ref3],[@ref4]^ In this direction, Devane and co-workers for the first time isolated anandamide (AEA; *N*-arachidonoylethanolamine), an endogenous endocannabinoid ligand for CB1 receptors, from a pig brain in 1992.^[@ref5]^ This endocannabinoid ligand was reported to act as a fatty acid neurotransmitter exerting a marijuana (Δ9-tetrahydrocannabinol)-like effect self-delivered by the brain.^[@ref2],[@ref6]^ AEA is basically a Sanskrit word that means "ananda (internal bliss)," which is not only involved in physiological processes of moods and appetite^[@ref7],[@ref8]^ but also an important constituent of reinforcement and reward processes in the brain.^[@ref9],[@ref10]^

Certainly, a number of studies reported an all-inclusive modulatory effect of AEA on the reward circuitry because of possessing self-delivering and addictive drug-induced reinforcing effects,^[@ref11],[@ref12]^ along with stress and anxious neural disorders. Other than this, the "on demand" production of AEA endocannabinoids and rapid clearance through cellular uptake followed by enzyme serine hydrolase fatty acid amide hydrolase (FAAH) metabolism^[@ref6],[@ref13],[@ref14]^ also make it valuable in the neural system of mammals.

Healthy human blood and CSF contain ∼0.7 nM^[@ref15]^ and 0.007 ± 0.002 pmol/mL^[@ref16]^ AEA, respectively, although this concentration varies with age, gender, type of samples, and medical conditions. Conventional methods of AEA detection reported a very low amount of concentration of the compound depending on the type of sample; for example, gas chromatography (GC)--electron ionization (EI)--mass spectrometry (MS)-based AEA quantification helped to detect 300 femtomolar (fmol) concentration of the compound,^[@ref17]^ while Maccarrone et al. measured 20 ± 10 pmol sensitivity of AEA in liquid chromatography (LC)--MS.^[@ref18]^ However, derivatized GC--MS-based quantification required eCB measurement to improve sensitivity and volatility, which is an intricate and time-consuming task. Therefore, several other studies analyzed the presence of eCBs through LC--MS and LC--MS--MS, which showed higher sensitivity compared with GC--MS and did not require additional sample preparation. In this direction, Chen and his co-workers reported 2.5 ng/mL (28.8 fmol) AEA quantification through an LC--electrospray ionization (ESI)--MS system,^[@ref19]^ while Richardson et al. used LC--MS--MS for AEA detection at 25 fmol concentration.^[@ref20]^ Although a high signal-to-noise ratio and increased selectivity of analytical MS systems have been observed in AEA and related compounds' measurements, we still require a rapid, selective, and hands-on device for AEA detection. The conventional methods are time-consuming and expensive and have low selectivity and sensitivity toward low amounts of target samples. In this direction, Santonico and his colleagues have recently developed an innovative BIONOTE liquid sensor, which worked with the root-mean-square error in cross validation (RMSECV) method to detect 6.61 nM concentration of AEA,^[@ref21]^ although prefunctionalization of the electrode is an additional step that could be eliminated using a molecularly imprinted polymer (MIP)-based detection platform.

The molecular imprinting technology/MIP technique has demonstrated cost effectiveness and selective point-of-care detection of predetermined biomolecules. This is reported as a cost-effective and improved detection platform as well as an effective surrogate for natural antibodies. This technique has overcome problems of the version of enzyme-based biosensors that suffer from low stability and selectivity along with complicated enzyme immobiliztion and purification procedures.^[@ref22],[@ref23]^ The molecular imprinting technology uses a direct-electron-transfer shuttle-free detection strategy and creates a selective 3D space for individual target molecules in the detection system.^[@ref24],[@ref25]^ The MIP technique is a polymer matrix-based approach with molecular recognition sites and target molecule removal, vacating 3D microcavities complementary to the structural and chemical properties of target molecules, which exhibit higher specificity in rebinding to the target molecule.^[@ref26],[@ref27]^ The potential and effective use of MIP has been reported in sensing platform development due to its low price, high selectivity, specific adsorption capacity, elementary preparation procedures, and symmetrical distribution over the electrode.^[@ref28],[@ref29]^ Recently, several researchers focused on MIP-based electrochemical and optical platforms for different neurotransmitters' detection, such as dopamine detection through a silanized magnetic graphene oxide (Si-MG)-MIP-based chemiluminescence biosensor with a detection limit of 1.5 ng/mL,^[@ref30]^ thermal wave analysis on a functional MIP interface with a detection limit of 4.7 × 10^--6^ M,^[@ref26]^ an MIP-fabricated quartz crystal microbalance (QCM) biosensor,^[@ref31]^ an MIP-modified field-effect transistor (FET) biosensor with the detection limit of 40 nM--20 μM,^[@ref32]^ and polypyrrole (PPy)/ZIF-67/Nafion hybrid-based MIP-modified GCE with a detection limit of 0.0308 μM.^[@ref33]^ In other studies, researchers focused on MIP-associated nanomaterials, like an MIP-coated SiO~2~ nanobead core--shell-decorated electrochemical sensor,^[@ref34]^ CNT/MIP-modified GCE with a detection limit of 1.8 × 10^--10^ mol,^[@ref35]^ a 2D hexagonal boron nitride (2D-hBN) nanosheet-incorporated graphene quantum dot (QD)-based MIP electrochemical sensor with a detection limit of 2.0  ×  10^--13^ M,^[@ref36]^ and an MIP-based Mn^2+^-doped ZnS QD-modified fluorescence sensor with a detection limit of 0.69 ng/mL for serotonin detection in biological samples.^[@ref37]^ Similarly, MIP-based sensors for acetylcholine,^[@ref38]−[@ref41]^ histamine,^[@ref42]^ and glutamate^[@ref43]^ detection have also been developed previously.

The electroanalytical strategies have been an excellent magnet due to their selective, rapid, cheap, and simpler use in the diagnostic area, although unmodified electrodes showed sluggish voltammetric responses along with less sensitivity toward the target. As a result, scientists are using different metallic nanoparticles to improve the sensitivity of the target within a small sample volume. MWCNT exhibited a high functionalization capability, which may help in binding the electrode surface and metallic nanoparticles.^[@ref44]^ Along with nickel nanoparticles, the MWCNT--NiNP system may improve the sensitivity and electric property of the developed sensing platform. Although their electrocatalytic properties may also affect the sensing platform, these catalysts lose their property over time and dissolve in the target solution. Therefore, using MIP may not only improve selectivity but also maintain the catalytic property and sensitivity of fabricated nanoparticles on the detection platform.

In this study, we attempt to detect AEA through MWCNT-conjugated NiNP and an MIP-decorated electrochemical platform, which have not been reported earlier in any study. Our proposed hypothesis is that AEA-imprinted MIP will result in an improved electrochemical response due to morphological restrictions of molecular grooves specifically for AEA. The efficient detection limit of the AEA-based sensing platform developed in this work has the potential to end up in point-of-care AEA detection in neural disease patients in hospitals as well as quick checkups at home.

![Bulk Polymerization for Anandamide-Based Molecularly Imprinted Polymer (MIP) Synthesis](ao0c00285_0007){#sch1}

![Fabrication and Electrochemical Study of the Working Electrode](ao0c00285_0008){#sch2}

2. Results and Discussion {#sec2}
=========================

2.1. Brunauer--Emmett--Teller (BET) Analysis {#sec2.1}
--------------------------------------------

The BET-based morphological analysis of nonimprinted polymer (NIP) and MIP after AEA removal is shown in [Figure [1](#fig1){ref-type="fig"}](#fig1){ref-type="fig"}. The isotherm graph of samples demonstrated a type-1 adsorption isotherm that demonstrated restricted monolayer adsorption for a macroporous adsorbent ([Figure [1](#fig1){ref-type="fig"}](#fig1){ref-type="fig"}A). The graph is a distorted version for monolayer adsorption where molecules were clumped and further adsorption did not occur. The surface area of MIP was also reported to be 65.522 m^2^/g, which is larger than that of NIP ([Table [1](#tbl1){ref-type="other"}](#tbl1){ref-type="other"}); this supported the higher adsorption capacity of MIP in comparison with NIP.^[@ref45]^ The pore size distribution curve ([Figure [1](#fig1){ref-type="fig"}](#fig1){ref-type="fig"}B) demonstrated two defined peaks at 0.0345 and 0.0331 nm for MIP, which are significantly higher than NIP-based peaks. This signifies the existence of nanocavities in the MIP matrix, although a pore diameter of \<10 nm demonstrates the higher peak of NIP. This result is supported by SEM images of NIP and MIP after AEA elution along with UV--vis spectroscopy ([Supporting Information](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c00285/suppl_file/ao0c00285_si_001.pdf)).

![(A) Adsorption isotherm of anandamide-based NIP (cyan blue) and MIP (wine). (B) Pore size distribution curve of anandamide-based MIP (cyan blue) and NIP (wine).](ao0c00285_0001){#fig1}

###### Surface Area, Pore Volume, and Pore Diameter of Anandamide-Based MIP and NIP

  polymer   BET surface area, SBET (m^2^/g)   pore volume (cm^3^/g)   pore diameter (nm)
  --------- --------------------------------- ----------------------- --------------------
  MIP       65.522                            0.172                   8.192
  NIP       59.781                            0.150                   10.574

2.2. Scanning Electron Microscopy (SEM) {#sec2.2}
---------------------------------------

The SEM photographs demonstrate the restricted porous morphology of the MIP surface compared to that of NIP polymers ([Figure [2](#fig2){ref-type="fig"}](#fig2){ref-type="fig"}A(a,b)). This may be because of selective AEA recognition cavities in the polymer that may be created during MIP synthesis.^[@ref46]^ Although imprinted sites mimicked the exact grooves of anandamide (data not shown) that justify the AEA-specific cavities at the nanoscale in a polymer system, there was a dense structure and no cavity was seen in the SEM image of NIP ([Figure [2](#fig2){ref-type="fig"}](#fig2){ref-type="fig"}A(b)). The SEM images of MWCNT ([Figure [2](#fig2){ref-type="fig"}](#fig2){ref-type="fig"}B(a)) and NiNPs ([Figure [2](#fig2){ref-type="fig"}](#fig2){ref-type="fig"}B(b)) support nanoscale synthesis of these nanoparticles.

![(A) Scanning electron microscopy (SEM) image of synthesized (a) MIP after anandamide (AEA) removal and (b) NIP. (B) Scanning electron microscopy (SEM) image of (a) MWCNTs and (b) NiNPs.](ao0c00285_0002){#fig2}

2.3. X-ray Diffraction (XRD) {#sec2.3}
----------------------------

The XRD patterns of NIP and MIP before and after AEA removal are shown in [Figure [3](#fig3){ref-type="fig"}](#fig3){ref-type="fig"} in which each has different peaks approximately at 16.66, 16.03, and 17.21°, respectively. The intensity decrement before and after AEA removal demonstrated interaction between MMA and AEA, although shifting of the diffraction peak to larger 2θ before and after AEA removal indicated increased interlayer spacing along with weak interaction between AEA and the monomer.^[@ref47]^ In further inspections of the diffraction peak, the obtained full width at half-maximums (FWHMs) of NIP and MIP before and after AEA removal were 4.49, 6.97, and 16.99°, respectively. The smaller FWHMs suggest better mechanical properties with larger crystal size, which clearly supports NIP in our study. The diffraction pattern in [Figure [3](#fig3){ref-type="fig"}](#fig3){ref-type="fig"} supports both the crystalline and amorphous phases of the polymer system used. The results of the obtained 2θ values, calculated crystal size, and *d*-spacing are summarized in [Table [2](#tbl2){ref-type="other"}](#tbl2){ref-type="other"}.

![XRD pattern of NIP (navy blue) and MIP before (blue) and after (purple) anandamide (AEA) removal.](ao0c00285_0003){#fig3}

###### Analysis of the XRD Pattern of NIP and MIP before and after AEA Removal

  SN    sample type              2θ (deg)   *d*-spacing (nm)   FWHM (deg)   crystal size (nm)
  ----- ------------------------ ---------- ------------------ ------------ -------------------
  1\.   NIP                      16.66      0.068466307        4.49         1.762955161
  2\.   MIP before AEA removal   16.03      0.076033581        6.97         1.127245556
  3\.   MIP after AEA removal    17.21      0.056308493        16.99        0.462102669

2.4. FTIR Spectrophotometry {#sec2.4}
---------------------------

FTIR results of NIP and MIP before and after template removal are depicted in [Figure [4](#fig4){ref-type="fig"}](#fig4){ref-type="fig"}. The peaks at 1391.31 and 2958.27 cm^--1^ denoted O--H binding vibration and O--H stretching and confirmed the presence of −COOH group during the interaction among MMA, EGDMA, and AEA. Moreover, the peaks at 1165.4 and 1728.21 cm^--1^ confirmed the existence of C--O and C=O stretching in the EGDMA cross-linker.^[@ref47]^ The variation in the peak intensity at 2958.27 cm^--1^ (O--H stretching) supported the interaction of the O--H group of MMA with the O--H group of AEA to form H bonds, which was highly visible in the FTIR graph of MIP before AEA removal.^[@ref48]^ The intensity variation at the peak at 1466.35 cm^--1^ demonstrated =C--H bending during polymerization, although the polymer--AEA binding (FTIR graph before AEA removal) lowered the peak intensity.

![FTIR spectra of anandamide (AEA)-based NIP (green) and MIP before AEA removal (sky blue) and after AEA removal (cyan blue).](ao0c00285_0004){#fig4}

2.5. Preparation and Characterization of MWCNT/NiNP/MIP- or NIP-Fabricated SPE {#sec2.5}
------------------------------------------------------------------------------

[Figure [5](#fig5){ref-type="fig"}](#fig5){ref-type="fig"}A showed the lowest current value (0.01 mA) with bare electrode (SPE); however, the maximum current response (0.11 mA) was observed after removal of the template (AEA). The surface of SPE manifested well-defined reversible redox peaks in an electrolyte solution ([Figure [5](#fig5){ref-type="fig"}](#fig5){ref-type="fig"}A), which disappeared after MWCNT and NiNPs along with MIP electrodeposition. The results revealed that sequential deposition of nanoparticles improves the conductivity of fabricated electrode, but electropolymerization of AEA-based MIP impeded the electroactive molecules' diffusion to the electrode surface, which was recollected after removal of AEA from the fabricated surface ([Figure [5](#fig5){ref-type="fig"}](#fig5){ref-type="fig"}A). Similar measurements were obtained from the PEIS Nyquist plot, in which MIP after AEA removal showed a low *R*~ct~ value (1 kΩ) in support of maximum conductivity than that of any another material deposited on SPE ([Figure [5](#fig5){ref-type="fig"}](#fig5){ref-type="fig"}B). Although the NIP-based electrode did not show significant redox potential (data not shown), the reason is unknown.

![(A) Cyclic voltammetry (CV) (potential range of −0.5 to 0.5 V at a scan rate of 50 mV/s) in a 2.5 mM K~3~Fe(CN)~6~/K~4~Fe(CN)~6~ solution. (B) PEIS (frequency range of 100 Hz--7 MHz at an amplitude of 100 mV) in a 2.5 mM K~3~Fe(CN)~6~/K~4~Fe(CN)~6~ solution.](ao0c00285_0005){#fig5}

2.6. Optimization Study of MWCNT/NiNP/AEA-MIP-Fabricated Electrode {#sec2.6}
------------------------------------------------------------------

[Figure [6](#fig6){ref-type="fig"}](#fig6){ref-type="fig"}A demonstrates the Nyquist graph of different AEA (substrate) concentrations in which no sequential (nonlinear) changes in *R*~ct~ values were obtained in the range of 10--75 pM, although *R*~ct~ values gradually decreased with increasing concentration from 100 pM to 1 nM, as observed in [Figure [6](#fig6){ref-type="fig"}](#fig6){ref-type="fig"}A. This decrement can be explained with the hypothesis of enhanced conductivity after increase in AEA concentration beyond 100 pM due to the presence of free electrons on the electrode surface, although 10 pM AEA showed the highest conductivity among all AEA concentration values and the observed linear range of the MIP-based AEA sensor was 100 pM--1 nM with a limit of detection (LOD) of 10 pM and sensitivity of 0.0149 mA/pM. PEIS measurements also helped to find the optimum pH and temperature of the MIP-fabricated electrode to be 9.0 and 70 °C ([Figure [6](#fig6){ref-type="fig"}](#fig6){ref-type="fig"}B,D). The result of the interference study clearly indicated a significantly higher current response of AEA on a fabricated electrode, although acetylcholine and dopamine were interfering compounds in anandamide detection ([Figure [6](#fig6){ref-type="fig"}](#fig6){ref-type="fig"}C). This may be due to the presence of −N--H and −O--H groups in AEA and dopamine; even though both AEA and ACh contain −N--H and −C=O groups, their chemical similarity may cause interference. Fifty percent activity was reported for the developed platform toward AEA after 4 months when it was stored at 4 °C. The accuracy was calculated for inter- and intrabatch coefficients of variation by adding 10 pM AEA in a gap of hours and days. The calculated accuracy was \<1.51 and 2.48% for the intra- and interbatch, respectively. The results obtained from the spiked blood samples' electrochemical study also supported applicability of the developed platform in a clinical setup. The results are presented in [Table [3](#tbl3){ref-type="other"}](#tbl3){ref-type="other"}, where initial and measured AEA concentration values were used to calculate the recovery percentage. The obtained recoveries for the spiked blood samples were 93.48 and 90.08%, indicating the high accuracy of the MIP-based sensor for AEA determination in human blood samples.

![Nyquist graphs (a frequency range of 100 Hz--7 MHz at an amplitude of 100 mV) in a 2.5 mM K~3~Fe(CN)~6~/K~4~Fe(CN)~6~ solution: (A) At different concentrations of anandamide (AEA) ranging from 0.01 to 1 nM in 100 mM ethanol and (B) at different pH values ranging from 5.5 to 9.0, (C) Interference study in the presence of 0.1 μL of AEA. (D) At different temperatures ranging from 20 to 90 °C.](ao0c00285_0006){#fig6}

###### AEA Recoveries in Blood Samples Using an MIP-Based Sensor

  SN    spiked value (nM)   measured value (nM)   recovery %
  ----- ------------------- --------------------- ------------
  1\.   0.5                 0.46                  93.48
  2\.   1                   0.9                   90.08

3. Conclusions {#sec3}
==============

A novel combined method of an electrochemical impedance spectroscopy (EIS) and MIP technology-based sensing platform for recognition of AEA was introduced in this study. The proposed biosensor exhibited good selectivity and 0.0149 mA/pM sensitivity toward AEA detection, although the limit of detection (LOD) of the developed MIP sensor was reported as 10 pM, which is indeed less than that in conventional detection methods. Further modification and optimization of the electrode are under processing in our laboratory. However, at this stage, it should be noted that the developed nanosensor is simpler and stable in comparison with other immunosensors; therefore, the platform can be further modified for prognostic applications in neural disorders.

4. Experimental Section {#sec4}
=======================

4.1. Chemicals and Reagents {#sec4.1}
---------------------------

Anandamide arachidonylethanolamide (AEA (≥97.0%, oil)), MWCNT, methylacrylate, ethylene glycol dimethylacrylate (EGDMA), azobisisobutyronitrile (AIBN, 98% and nickel(II) chloride hexahydrate (NiCl~2~·6H~2~O) obtained from Spectrochem Pvt. Ltd. Mumbai, India), were used. Other reagents like acetonitrile, acetic acid, ethanol, and methanol, including MMA and EGDMA, were purchased from Sigma-Aldrich, India. All solutions were freshly prepared in distilled water at room temperature (24 ± 3 °C). All electrochemical experiments were performed in ferro-ferri electrolyte solution (2.5 mM) at room temperature.

4.2. Apparatus and Procedures {#sec4.2}
-----------------------------

The physical properties of AEA-based MIP and NIP were characterized using FTIR (Nicolet iS5, Thermo Scientific) and SEM. BET was performed via Quanta Chrome Novae-2200 at Ozone Scientific, Bengaluru, India. The electrochemical measurement of the AEA-based electrode was conducted using EC-Lab V11.10 software of Biopotentiostat workstation (BioLogic science Instrument, model no SP 200) equipped with a three-electrode cell. A 2.5 mM ferro-ferri electrolyte solution (1:1) was used for the electrochemical analysis of the MIP-based electrode system. The screen-printed electrode (SPE, ref no. C1110, Dropsens; 3.4 × 1.0 × 0.005 cm^3^ (*l* × *w* × *h*)) was purchased from Dropsens, Spain.

4.3. Synthesis of Nickel Nanoparticles {#sec4.3}
--------------------------------------

The synthesis of NiNPs was carried out by El-Kemary et al. in 2013 with little modification.^[@ref49]^ The mixture of NiCl~2~·6H~2~O (0.111 M) and absolute ethanol was heated until dissolved completely and used as the precursor. Then, 6.73 mL of hydrazine monohydrate solution was added drop by drop into a continuously stirred solution of nickel precursor. Potassium hydroxide was used to adjust the pH of the solution from 8.0 to 12 and allowed to stir for 2 h at 25 °C. Distilled water and acetone were used to wash the resultant solution. Finally, the obtained green nanoparticles of Ni(OH)~2~·0.5H~2~O were forged and vacuum-dried. The thermal decomposition of the end product Ni(OH)~2~·0.5H~2~O at 600 °C turned it into NiNPs. The light green powder was seal-packed and stored until further use under an inert condition to avoid moisture.

4.4. Preparation of Molecularly Imprinted Polymers {#sec4.4}
--------------------------------------------------

The neurotransmitter-based MIP synthesis has been already standardized in our laboratory. With the ratio of 1:4:4, AEA, methyl methacrylate (MMA), and ethylene glycol dimethacrylate (EGDMA) were used as the template/functional monomer/cross-linker for MIP bulk polymerization. Then, 10 μL of AEA (1 M; stock concentration 5 mg/μL), 674 μL of MMA, and 6.04 mL of EGDMA were dissolved in 5 μL of porogen and sonicated for 10 min followed by N~2~ purging for 15 min. Five milligrams of AIBN was added to the AEA--MMA--EGDMA solution and seal-packed in inert conditions. The solution was placed on a rotating stirrer over an oil bath at 60 °C till the mixture got solidified. The resultant end product was crushed, ground, and sieved through a motor pistol. Then, half of the AEA-based MIP powder was packed under inert conditions for further characterization and the other half of the powder was used in AEA template removal from polymeric material particles in two steps. The obtained polymeric powder was transferred into 15 mL falcon tubes and mixed into 70:30 v/v% mixtures of methanol and water. The solution was sonicated for 10 min followed by a 24 h hold. The methanol--water-based polymeric solution was centrifuged for 10 min at 6000 rpm the next day, and this washing cycle was repeated 5 times. The supernatant was discarded, and the polymeric precipitate was mixed in a 3:1:1 ratio of porogenic solvent, acetic acid, followed by sonication for 10 min and holding for 48 h. At the end, the mixture was centrifuged for 10 min at 6000 rpm and this was repeated three times. The end product was dried and stored at an inert condition until further characterization. Similarly, nonimprinted polymers were prepared with the same protocol and polymerization condition as in MIP synthesis, excluding the addition of AEA as the template molecule ([Scheme [1](#sch1){ref-type="scheme"}](#sch1){ref-type="scheme"}).

4.5. Characterization {#sec4.5}
---------------------

### 4.5.1. Scanning Electron Microscopy (SEM) {#sec4.5.1}

The surface morphologies of MIP (after AEA removal) and NIP along with those of MWCNT and NiNP were observed by SEM (ZEISS) at Amity University, Noida, India. MWCNTs were purchased commercially.

### 4.5.2. Brunauer--Emmett--Teller (BET) Analysis {#sec4.5.2}

The specific surface area, isotherm, and pore size distribution of optimized MIP and corresponding NIP were analyzed through BET on commercial basis.

### 4.5.3. FTIR Spectrophotometry (FTIR) {#sec4.5.3}

The compositions of NIP and MIP, before and after washing, were identified through FTIR spectra (Nicolet iS5, Thermo Scientific, India). The samples were settled in a sample holder and analyzed in the range of 500--3500 cm^--1^.

### 4.5.4. X-ray Diffraction (XRD) {#sec4.5.4}

The XRD patterns of NIP and MIP before and after washing were recorded at λ = 1.5406 Å and 40 kV/40 mA at Jamia Millia Islamia University, New Delhi. The *d*-spacing, FWHM, and crystal size were calculated from the observed data. The *d*-spacing was characterized by the distance in the lattice plane of synthesized materials, which was calculated by Bragg's lawwhere *n* and λ symbolize the integer value and wavelength (1.504 nm), respectively, and θ is the Bragg angle, whereas the crystal size (*D*) is evaluated with the Debye--Scherrer equation, which is

where *K* is the Scherrer constant (0.94), θ is the Bragg angle, β is the full width at half-maximum (FWHM), and λ is the wavelength (1.504 nm).

4.6. Fabrication of MWCNT/NiNP/MIP on SPE {#sec4.6}
-----------------------------------------

MWCNT, NiNP, and MIP/NIP were electrochemically deposited onto SPE in a specific sequence. At first, the SPE electrode was electrochemically washed with a 2.5 mM ferro-ferri electrolyte solution in the potential range of 1.0 to −1.0 V for 30 cycles. MWCNT was deposited onto SPE according to Rawal et al., 2011, with little modification.^[@ref50]^ One percent of MWCNT was electrochemically deposited onto SPE in the presence of 1 M KCl followed by sonication for 30 min. The cyclic voltammetric measurement was carried out in the potential range of 0.0--1.5 V for 30 cycles at a scan rate of 50 mV/s. In sequential NiNP deposition, CV was performed from the potential range of 0.0--1.5 V for 20 cycles at a scan rate of 20 mV/s in NiNP in a 2.5 mM ferro-ferri electrolyte solution. The electrochemical reaction that would have occurred can be presented as follows.

At the working electrode, nickel ions formed viaAt the reference electrode, the reaction of nickel deposition can be given byThen, SPE was fabricated with a fresh solution containing a 1:4:4 molar ratio of AEA, MMA, and EGDMA (prepared in porogen). The electrochemical deposition was carried out at −0.2 to 0.6 V at a scan rate of 50 mV/s for 15 cycles. The electrochemical analysis of MWCNT/NiNP/MIP-fabricated SPE was performed through cyclic voltammetry (−0.5 to 0.5 V potential range and 50 mV/s scan rate), and PEIS (a frequency range of 100 Hz--7 MHz at an amplitude of 100 mV) was performed in a 2.5 mM ferro-ferri electrolyte solution after each step of individual MWCNT, NiNP, and MIP/NIP electrodeposition. At the end, the electrode was washed with a 70:30 ratio of methanol/water (for 24 h) and a 3:1:1 ratio of porogen/ethanol/acetic acid (for 48 h) and similar electrochemical measurements CV and PEIS were performed after the washing of AEA. NIP was also electrochemically deposited on SPE at −0.2 to 0.6 V at a scan rate of 50 mV/s for 15 cycles, and CV and PEIS were carried out ([Scheme [2](#sch2){ref-type="scheme"}](#sch2){ref-type="scheme"}).

4.7. Optimization and Evaluation of MIP Sensor {#sec4.7}
----------------------------------------------

The analytical performance of the MWCNT/NiNP/MIP-modified electrode was explained through recognition of different concentrations of AEA on MIP surface via the *R*~ct~ value in the EIS technique (a frequency range of 100 Hz--7 MHz at an amplitude of 100 mV). To study the effect of different AEA concentrations, 10, 25, 50, 75, 100, 250, 500, 750 pM, and 1 nM concentrations of AEA were used in the PEIS-based study in the presence of the ferro-ferri electrolyte solution. The MIP-based sensor was optimized for pH 5.5, 6.0, 6.5, 7.0, 7.5, 8.0, and 9.0 phosphate buffers (each at 0.1 M) in which electrochemical measurements were performed for these buffers and the 2.5 mM ferro-ferri electrolyte solution. Similarly, an electrochemical study was performed for the heated ferro-ferri electrolyte solution at a gradually decreasing temperature from 90 to 20 °C at a difference of 10 °C. Selectivity of the sensor was estimated by the electrochemical response of other interfering biochemicals such as acetylcholine (ACh), dopamine, GABA, uric acid, bilirubin, and ascorbic acid in the interference study of the MIP-modified electrode. For further evaluation of analytical reliability and potential application in a clinical system, the platform was used to detect AEA in spiked blood samples. Different concentrations of 0.1 mL of AEA were spiked in blood samples, and electrochemical measurements were recorded. Deidentified blood samples were collected from Biodiagnostic Lab., East Rohini, Delhi, India, and stored at −20 °C before use.

The Supporting Information is available free of charge at [https://pubs.acs.org/doi/10.1021/acsomega.0c00285](https://pubs.acs.org/doi/10.1021/acsomega.0c00285?goto=supporting-info).Experimental setup of UV spectroscopy to determine AEA removal from polymer matrix ([PDF](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c00285/suppl_file/ao0c00285_si_001.pdf))
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